Abstract. The paper dwells upon non-autoclaved aerated concrete technology issues relating to the effect of various composition and technological factors on the aerated-concrete non-autoclave products. It presents the results of experiments carried out to study the effect of three factors: the order in which components are added to the AC mixture; the efficiency of adding a complex sodium additive to the mixture; the effect of adding the structuring additive, the 'off-cut'. Comparative analysis of physico-mechanical test results revealed that adding the structuring additive increases the compression strength of aerated concrete while also making it denser.
Introduction
As of today, aerated concrete is popular in construction as an efficient heat insulation. Producing high-quality aerated concrete products is very relevant.
Aerated concrete is either a cement or lime mortar, classified as lightweight concrete, in which air-voids are entrapped in the mortar matrix by means of a suitable aerating agent. Broadly speaking aerated concrete falls into the group of cellular concrete (microporite being the other). The prominent advantage of aerated concrete is its lightweight, which economizes the design of supporting structures including the foundation and walls of lower floors. It provides a high degree of thermal insulation and considerable savings in material due to the porous structure. By appropriate method of production, aerated concrete with a wide range of densities can be obtained thereby offering flexibility in manufacturing products for specific applications (structural, partition and insulation grades). There have been several investigations on the properties of aerated concrete in the past.
Although aerated concrete was initially envisaged as an insulation material, there has been renewed interest on its structural characteristics in view of its lighter weight, savings in material and potential for large-scale utilization of wastes like pulverized fuel ash. Hence, it was felt essential to compile and review the available literature on aerated concrete. This review aims to classify the studies on aerated concrete related to its material structure and properties. Gas-forming chemicals are mixed into lime or cement mortar during the liquid or plastic stage, resulting in a mass of increased volume and when the gas escapes, leaves a porous structure. Aluminum powder, hydrogen peroxide/bleaching powder and calcium carbide liberate hydrogen, oxygen and acetylene, respectively. Among these, aluminum powder is the most commonly used aerating agent. Efficiency of aluminum powder process is influenced by its fineness, purity and alkalinity of cement, along with the means taken to prevent the escape of gas before hardening of mortar. In the case of Portland cements with low alkalinity, addition of sodium hydroxide or lime supplement the alkali required.
Aerated concrete can be non-autoclaved or autoclaved based on the method of curing. The compressive strength, drying shrinkage, absorption properties etc. directly depend on the method and duration of curing. The strength development is rather slow for moist-cured products. Autoclaving initiates reaction between lime and silica/alumina bearing ingredients.
Properties of concrete such as strength, permeability, diffusivity, shrinkage and creep are intimately related to its porosity and pore size distribution. Thus, the characterization of the pore structure is extremely important, and more so in the case of aerated concrete where the porosity may be as high as 80%. Porosity and pore size distribution of aerated concrete varies considerably with the composition and method of curing [1] .
Russian and foreign scientists have developed theories on the aerated concrete structuring processes as well as the basics of producing high-quality materials that have the necessary physico-mechanical properties and sufficient service life.
The important problem here consists in developing and organizing the production of pasty gassing agents for construction material industries. To this end, we have to identify the most efficient of theexisting gassing agents based on such criteria as reactionary capacities, technological versatility, and long-term storage under various conditions [2] .
The optimal aerated concrete structure is very and uniformly porous; cells are optimally distributed by size, while the defects of interporous partitions are minor to none.
Gassing kinetics induced by the agent as well as the changes in the rheological properties of the interporous material are crucial for the formation of the pore structure in aerated concrete [3, 4, 5, 6, 7, 8].
We paid particular attention to the kinetics of the rheological properties of the interporous materials as observed during the swelling of cellular-concrete mixtures [9, 10, 11, 12, 3, 13].
The interporous partitions in such an AC mixture is a complex kinetic system where the changes in rheological properties mostly depend on the structuring of the cement. Both Russian and non-Russian scientists have studied the structuring of concretes and cements: А.А. hydration, topochemical reactions, coagulations, crystallizations, etc. By measuring the intensity of these processes, we can adjust the rheological properties of the mixture at the various stages of cement curing, thus controlling the structure and properties of the cured material.
Swelling occurs when three intensively evolving processes-structuring of the cement and the interporous partitions, heat release, and gassing induced by the gassing agent-overlap. Slight variations in technological parameters result in drastic changes in the swelling kinetics, making the properties of concrete less stable. This assumption prejudges the search for solutions to eliminate these disadvantages.
Based on the achievements of physico-chemical mechanics, a branch founded by P.A. Rebinder, O.P. Mchedlov-Petrosyan worded the principles of controllable structuring induced by hydration curing; the most important principles are the quality of the original mixture component and the conditions under which it is prepared (homogenization, the time and intensity of mechanical impact).
Mixtures used in the production of aerated concrete should have low critical shear stress point while also having sufficiently high viscosity. This assumption is referred to when deciding how to control the aerated concrete structuring process [14, 12, 15, 16] . One of the methods used to induce controllable changes in the rheological properties is to apply vibration and impact during the swelling [9, 17, 16, 18, 12, 3, 15] . Vibration with varying frequency and amplitude can change and stabilizing the swelling kinetics [3, 19] . However, vibration makes the entire process more energy-intensive while also producing considerable noise.
Another efficient method used to adjust the rheological properties of the mixture being swollen consists in adding surfactants and superplasticizers that lower the critical shear stress point [14, 11, 20, 13, 21] and slow down the structuring process.
There are other ways to control the changes in aerated concrete structuring, including (i) use of raw materials based on coarse-ground sands [ In-depth analysis of how technological factors affect the properties of the AC mixture and the operating performance of such concrete, and the subsequent use of analytical data to control the structuring process is enabled by identifying the set of patterns in the physicochemical processing occurring in micro-and macrostructuring of aerated concrete; identifying the specifics of destructive processes occurring in aerated concrete at all the structuring phases; determining the criteria to evaluate the quality of the AC structure at swelling, with the structuring process being subsequently optimized based on such criteria; developing reliable methods and instruments to control and study the cellular-concrete mixture swelling phenomena.
Experimental program and research results
The Cementing Substance, Conrete, and Construction Ceramics Department of the Construction and Architecture Academy at Don State Technical University has carried out a series of experiments to study the presence and effect of various factors.
One of such factors is the order in which components are added to the mixture. In our studies, we assumed the basic component addition order that is used at an enterprise located in Rostov Oblast.
For this basic technology, water is dosed at t=45°С to the tank of the AX mixer; after the mixer is turned on, add sand, dry soda and sodium sulphate additives, and then cement. The components are mixed for four minutes upon gauging. Then the mixture is supplemented with aluminum suspension and mixed for another 20 seconds.
The experimental order was as follows: dose water to the mixer tank at t=45°С and switch on the mixer engine; then add soda and sodium sulfate and prepare the additive solution for 15 seconds; then add cement and mix the suspension for 30 seconds; then dose sand and mix for four minutes upon gauging; then doze aluminum suspension to the mixture and mix it for another 20 seconds.
We've made samples of the AC1 (factory-used) and AC3 (experimental) mixtures.
Those were compared on the following bases: average density, compression strength, and structural quality factor. Figure 1 presents the results of AC sample tests taken after seven days of normal curing.
The results of AC1 and AC3 tests led us to the conclusion that the compression strength had increased 1.5 times while the structural quality factor had been almost doubled while the density increase was insignificant.
The results encouraged us to use the proposed component addition and AC mixture preparation procedure in further experiments.
The next factor affecting the quality of nonautoclaved concrete is the addition of the so-called offcut, the porous mixture pieces that are cut off after swelling is over and the necessary elastic strength is achieved.
Fig. 1. Test results
When adding the off-cut to the AC mixture being prepared, hydrated cement grains should become the hydrate neoplasm crystallization centers to boost the AC structuring and curing process. In an experiment we carried out, sodium sulfate used at factories as the curing accelerator was replaced with the off-cut.
For the experiment, we made the control AC1 mixture; the off-cuts produced therefrom was added to the similarly prepared AC2 mixture instead of sodium sulphate. The off-cut consumption was 30% of the mass of cement. Figure 2 presents the results of the experiment.
Fig. 2. Test results
Analysis of these data revealed that adding the offcut to the mixture had produced stronger and denser aerated concrete. The structural quality factor of AC1 was 9% lower than that of the experimental AC2 mixture.
The experiment proved that the off-cut was an efficient additive. This enables both AC waste recycling and reduction of production costs as sodium sulphate is no longer needed.
To evaluate how the off-cut amount in the mixture affects the quality of aerated concrete, we experimented with varying amounts. We produced the control (factory) AC1 mixture and took off-cuts from there to add it to AC2, AC3, AC4, and AC5 mixtures where its mass was respectively 30, 10, 20, 25 percent of the cement mass. Figure 3 presents the results of the experiment.
Fig. 3. Test results
Analysis of these data revealed that adding the offcut in the amount equal to 20% of the cement mass produced stronger aerated concrete. The structural quality factor of AC4 was 20.4% higher than of AC2, 31% higher than that of AC1.
At the next stage, we decided to find out how efficient is complex sodium-sulphate and off-cut additive when it comes to improving the quality of nonautoclaved aerated concrete.
We experimented to find out the optimal amount of sodium sulphate in the mixture combined with the previously optimized amount of the off-cut. The compositions we studied were as follows: AC1 was the control (factory) mixture with sodium sulphate at 1.54% of the mass of cement; AC4 was AC1 where sodium sulphate was replaced with the off-cut at 20% of the cement mass; A1 was 20% off-cut and 1.23% sodium cement; A2 was 20% off-cut and 2.4% sodium cement; A3 was 20% off-cut and 3.7% sodium cement. Figure 4 presents the results of the experiment. Analysis of these data revealed that adding sodium sulphate in the amount of 1.23% of the cement mass plus the optimum dosage of the off-cut (20%) produced the strongest aerated concrete with the highest structural quality factor, i.e. the best sample was A1.
Conclusions
Thus, based on the literature review and experimental studies, we made a conclusion on how the analyzed composition and technology aspects affect the properties of non-autoclaved AC products.
Adding the off-cut to the mixture had produced stronger and denser aerated concrete. The structural quality factor of AC1 was 9% lower than that of the experimental AC2 mixture.
Adding the off-cut in the amount equal to 20% of the cement mass produced stronger aerated concrete. The structural quality factor of AC4 was 20.4% higher than of AC2, 31% higher than that of AC1.
Adding sodium sulphate in the amount of 1.23% of the cement mass plus the optimum dosage of the off-cut (20%) produced the strongest aerated concrete with the highest structural quality factor, i.e. the best sample was A1. 
